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undergoing any farther  alteration;   and. therefore its ultimate strength to resist torsion, in the direction of the couple L, has been.considerably increased.    Ij^s_j^ejagtJi_Jjo. re^ opposite direction has. however, by the same process, been much
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diminished: for, as soon as its free extremity has-been, made,.to.. revolve backwards through an angle* of •§ @ .from .the-position of equilibrium, the particles at the circumference will have suffered the utmost displacement of which they can admit without under-g^ing permanent alteration,. Now it is _ easy ^to^prqve.^that the couple required to produce a certain angle of torsion is the same in the new state of the bar as in the oldf. Hence the_ultimate jstrength of the bar when twisted backwards, is represented by a couple amounting to only fi. But, as we have seen, it.is.-£.£„. when the wire is twisted forwards.. That is, then, The wire in its new state has twice as much strength to resist torsion in the one direction, as it has to resist it in the,,othea^^
JEriaciples..quite similar; to the foregoing,, operate in regard to beams subjected to cross strain.";''' As, however, my chief object at present is to point out the existence of such principles, to indicate the mode in which they are to be applied, and to show their great practical importance in the determination of the strength of materials, I need not enter fully into their application in the case of cross strain. The investigation in this case closely resembles that in the case of torsion, but is more complicated on account of the different ultimate resistances afforded by any material to tension and to compression, and on account of the numerous varieties in the form of section of beams which for different purposes it is
* [Note added Octoher 1877, in Encyc. Brit.
This assumes that the limits of elasticity in a substance which has already been strained beyond its limits of elasticity are equal on the two sides of the shape which it has when in equilibrium without disturbing force—a supposition which may be true or may not be true. Experiment is urgently needed to test it; for its truth or falseness is a matter of much importance in the theory of elasticity.]
| To prove this, let the bar be supposed to be divided into an infinite number of elementary concentric tubes (like the so-called annual rings of growth in trees). To twist each of these tubes through a certain angle, the same couple will be required whether the tube is already subject to the action of a couple of any moderate amount in either direction, or not. Hence, to twist them all, or what is the same thing, to twist the whole bar, through a certain angle, the same couple will be required whether the various elementary tubes be or be not relaxed, when the bar as a whole is free from external strain.
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